SU/V-31557P1/CVA 
ROLLABLE INTRAOCULAR LENS HAVING REDUCED THICKNESS 

Background of the Invention 

Field of the Invention 

The present invention relates generally to optical lenses, and more 
particularly to a rollable intraocular lens having an improved haptic attachment 
providing reduced edge and overall lens thickness, thereby enabling the lens 
to be rolled more compactly for implantation. 

Description of Related Art 

Intraocular lenses (lOL's) are artificial optical lenses that are surgically 
implanted to replace a diseased or damaged natural lens of an eye. lOL's 
may be implanted in the anterior chamber or the posterior chamber of the eye, 
and commonly incorporate a lens body and one or more haptics for 
positioning and support of the implanted lens. Haptics can take the form of 
filaments attached to a separate lens body, or alternatively can comprise 
integral extensions of the lens body. It is desirable that the haptic be securely 
affixed to the lens body in order to reduce the likelihood of detachment during 
the implantation procedure or in use. 

In order to minimize the size of the incision necessary to surgically 
implant an IOL, and thereby reduce associated trauma and recovery time, it 
has been found advantageous to form the IOL of a flexible material that 
permits folding or rolling of the lens to reduce its insertion profile. As used 
herein, the "insertion profile" of a lens refers to the minimum opening size 
through which a rolled IOL can be passed for implantation. Generally, and 
with all other factors being equal, the more compactly an IOL can be rolled or 
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folded, the smaller its resulting insertion profile and, accordingly, the smaller 
the incision that is required for implantation. 

It has been discovered, however, that regardless of how tightly an IOL is 
rolled, the amount of material forming the lens (i.e., the volume of space occupied 
by the lens) limits the minimum attainable insertion profile. Additionally, because a 
thinner lens is typically more flexible than a thicker lens of similar material, a thinner 
lens can generally be rolled more tightly than a thicker lens. Thus, it would be 
desirable to minimize the thickness and overall amount of material used to form a 
Tollable IOL. The need for a secure attachment between the haptic and the lens 
body of previously known rollable lOLs, however, typically requires that the outer 
periphery of an IOL have a thickness at least sufficient to engage the haptic with the 
edge of the lens body. For example, a haptic filament commonly is secured within 
a haptic bore formed in the edge of the lens body. As a result, the peripheral edge 
of previously known rollable lOLs of this variety typically has a minimum thickness 
of no less than the thickness of the haptic filament plus a thickness of lens material 
surrounding the haptic bore sufficient to secure the haptic filament therein. 

In order to provide the desired optical performance, the central optic zone of 
an IOL typically comprises a curved surface on one or both of its faces, generating 
a convex body having a central thickness substantially greater than the thickness of 
the peripheral edge. Accordingly, the peripheral edge thickness necessary to secure 
a haptic to the lens body has heretofore been considered a limiting factor in previous 
efforts to minimize the insertion profile of a rollable IOL. Thus, it has been 
discovered that a need exists for a rollable IOL having a reduced peripheral edge 
thickness, thereby enabling a reduction in overall lens thickness, yet providing 
secure attachment between a haptic and the lens body. It is also desirable to provide 
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a Tollable IOL enabling a reduction in the overall lens thickness that is required to 
provide specified optical characteristics. 

It is to the provision of a reliable IOL meeting these and other needs that the 
present invention is primarily directed. 

Summary of the Invention 

The present invention provides an improved intraocular lens, and related 
methods of fabrication and implantation. The improved intraocular lens of the 
present invention is reliable, thereby reducing the insertion profile of the lens and 
associated trauma and recovery time. The lens of the present invention includes 
one or more flared portions along its peripheral edge for providing secure attachment 
between a haptic and the lens body. Between these flared portions, the peripheral 
edge of the intraocular lens of the present invention is relatively thin, thereby 
reducing the mass of the lens and the amount of material used to form the lens, and 
further reducing the insertion profile of the lens. Also, because the peripheral edge 
thickness of the lens is reduced as compared to previously known lenses, sufficient 
curvature can be provided to the lens surface(s) to produce a desired optical 
characteristic in a thinner, more flexible lens than was previously possible. The 
reduction in mass and thickness of the peripheral edge and the resulting increased 
flexibility advantageously further reduce the insertion profile of the lens, and enable 
the provision of improved optical performance by a lens of a given overall thickness. 

In one aspect, the invention is a reliable intraocular lens including a flexible 
lens body having first and second faces intersecting at a peripheral edge. 
Preferably, at least one of the first and second faces is generally convex, whereby 
the lens body has a central thickness and an edge thickness, the central thickness 
being greater than the edge thickness. The lens body preferably further includes at 
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least one flared portion along the peripheral edge, which flared portion preferably 
has a thickness greater than the edge thickness. 

In further preferred embodiments, the reliable intraocular lens includes at least 
one haptic element attached to the flexible lens body at the flared portion. The 
haptic element is preferably engaged within a haptic bore formed in the flared portion 
of the flexible lens body, and the haptic element is preferably thermally welded within 
the haptic bore. In another further preferred embodiment, the flexible lens body 
comprises a shape memory material, such as a modified poly(methyl methacrylate) 
(PMMA). 

In another aspect, the invention is an intraocular lens including a lens body 
having first and second faces, a peripheral edge, and first and second flared portions 
spaced from one another along the peripheral edge. The lens preferably also 
includes a first haptic element attached to the flexible lens body at the first flared 
portion, and a second haptic element attached to the flexible lens body at the second 
flared portion. The lens body is preferably foldable along an axis between the first 
and second flared portions. 

In another aspect, the invention is a method of forming an intraocular lens. 
The method preferably includes: (1) providing a flexible lens body having a 
predetermined maximum overall thickness; (2) forming a central optic zone in the 
flexible lens body, the central optic zone having at least one convex face having a 
predetermined degree of curvature to define a central thickness between the at least 
one convex face and an opposed second face; and (3) forming a peripheral zone in 
the flexible lens body surrounding the central optic zone, the peripheral zone having 
an edge thickness less than the central thickness, and the peripheral zone further 
having at least one flared portion with a thickness greater than the edge thickness. 
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In yet another aspect, the invention is a method of implanting an intraocular 
lens in an eye. The method preferably includes: (1) providing an intraocular lens 
having a flexible lens body with a peripheral edge and at least one flared portion 
along the peripheral edge, the lens also including at least one haptic element 
attached to the flexible lens body at the flared portion; (2) forming an incision in an 
eye; (3) folding the flexible lens body; and (4) inserting the folded lens body into the 
eye through the incision. 

These and other features and advantages of the present invention are 
described herein with reference to example embodiments shown in the appended 
drawing figures. 

Brief Description of the Drawing Figures 

Figure 1 is a top view of an intraocular lens according to a preferred form of 
the present invention. 

Figure 2 is a perspective view of a portion of the intraocular lens of Fig. 1, 
shown in greater detail. 

Figure 3 is a cross-sectional side view of the intraocular lens of Fig. 1 , taken 
along section line 3-3. 

Figure 4 is a cross-sectional side view of the intraocular lens of Fig. 1 , taken 
along section line 4-4. 

Figure 5 is a detailed side view of a portion of an intraocular lens according 
to one form of the present invention. 

Figure 6 is a detailed side view of a portion of an intraocular lens according 
to another form of the present invention. 
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Figure 7 is a perspective view of a folded or rolled intraocular lens according 
to a preferred form of the present invention. 

Figure 8 is a top view of an intraocular lens according to another preferred 
form of the present invention. 

Detailed Description 

Referring now to the drawing figures, wherein like reference numerals 
represent like parts throughout, preferred forms of the present invention will now be 
described. Figures 1-4 show a reliable intraocular lens (IOL) 10 according to a 
preferred form of the present invention. The intraocular lens 10 preferably 
comprises a lens body 12 with at least one haptic element 14 attached thereto. In 
the depicted embodiment, two haptic elements 14 are provided, with a first haptic 
element 14a and a second haptic element 14b arranged generally diametrically 
opposite one another. In alternate embodiments, a single haptic element 14 can be 
attached to the lens body 12 or three, four or more haptic elements can be spaced 
about the circumference of the lens body 12. 

In preferred form, the lens body 12 is formed from a flexible, transparent 
polymeric material such as, for example, modified poly(methyl methacrylate) 
(PMMA), modified PMMA hydrogels, silicone, or other polymeric materials. In a 
particularly preferred embodiment, the lens body 12 is formed of a shape-memory 
material such as is disclosed by U.S. Patent No. 4,731,079, which is hereby 
incorporated herein by reference. The lens body can be frozen in a rolled 
configuration and, upon exposure to body temperature during implantation, will 
return under its own influence to an unrolled configuration. The haptics 14 are 
preferably flexible filaments formed of polypropylene or other materials. 
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As seen best with reference to Figs. 1 , 3 and 4, the lens body 12 is preferably 
a generally cylindrical, disc-shaped component comprising a first face 20 and a 
second face 22, the first and second faces intersecting at a peripheral edge 24. At 
least one of the first and second faces 20, 22 is preferably generally convex, having 
the degree of curvature required to provide the lens with a specified optical 
refraction. In one embodiment of the invention, the first and second faces 20, 22 are 
both convex, thereby forming a bi-convex or convex-convex lens. Alternatively, one 
face is convex and the other is planar, thereby forming a plano-convex lens. In yet 
another alternate form, one face is convex and the other is concave, thereby forming 
a convex-concave lens. The lens body has a central thickness t c , measured 
between the first and second faces 20, 22 proximal the center of the lens body 12, 
and an edge thickness t e , measured between the first and second faces proximal the 
peripheral edge 24. Preferably, the central thickness t c is greater than the edge 
thickness t e . 

The lens body 1 2 preferably further comprises at least one flared portion 30 
along the peripheral edge 24, as seen best with reference to Figs. 2-6. In a 
preferred embodiment, first and second flared portions 30a, 30b are provided along 
the peripheral edge 24, generally diametrically opposite one another. In alternate 
embodiments, a single flared portion, or three or more flared portions are provided. 

Each flared portion has a thickness t f , which is greater than the edge thickness t e . 

The thickness t f of the flared portion 30 is preferably less than the central thickness 
t c , whereby the maximum overall thickness of the lens body 12 is equal to the central 
thickness t c . Alternatively, the thickness f f of the flared portion 30 is approximately 
equal to or greater than the central thickness t c . 

In one embodiment, depicted in detail by Fig. 5, the flared portion 30 is 
expanded relative to the edge thickness t e outwardly from both the first and second 
faces 20, 22. In another embodiment, depicted in detail by Fig. 6, the flared portion 
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30 is expanded relative to the edge thickness t e outwardly from only the first face 20, 
and is generally co-planar with the second face 22. A smooth transition, such as a 
fillet, is preferably provided between the peripheral edge 24 and each flared portion 
30, to minimize any stress concentrations during flexure of the lens and to provide 
a smoother surface during implantation. 

Each flared portion 30 preferably defines a haptic bore 40 formed therein for 
receiving and retaining a haptic element 14. As seen best with reference to Figs. 1-3 
each haptic bore 40 extends a depth into the lens body 12, generally radially or 
chordally from the circumferential edge of the lens body at the flared portion 30. 
Preferably, the depth of the haptic bore 40 is limited to the peripheral zone 42 
(outside the broken indicator line of Fig. 1) of the lens body 12, and does not extend 
into the central optic zone 44 (inside the broken indicator line of Fig. 1) to a point 
where it would be visually perceptible in use. A haptic 14, such as a polypropylene 
filament, is received in the haptic bore 40 and secured therein, as by welding, 
adhesives, compression fit, or other attachment means. In an example embodiment, 
laser energy is used to thermally weld a haptic 14 in place within the haptic bore 40. 
Each flared portion 30 preferably has a thickness t f somewhat greater than the 
diameter of the haptic 14, whereby a sufficient thickness of lens body material 
surrounds the haptic bore 40 to provide secure attachment of the haptic 14 to the 
lens body 12. For example, the thickness t f is preferably at least about one and one- 
half to two or more times the diameter of the haptic 14. 

Figure 8 shows an alternate embodiment of the intraocular lens 10', according 
to another form of the invention. In this embodiment, the peripheral zone of the lens 
body 12' is substantially eliminated between the flared portions 30', thereby further 
reducing the mass and amount of material of the intraocular lens 10'. One or more 
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haptics 14' are attached to the lens body 12' at flared portions 30' in substantially the 
manner described above. 

Forming the lens body 12 of a flexible material allows the intraocular lens 10 
of the present invention to be rolled (folded), for example, as shown in Fig. 7. 
Rolling the lens reduces its insertion profile, permitting implantation of the lens 
through a smaller incision in the eye than would be possible with a non-rollable lens. 
For example, if the lens body 12 were not flexible, insertion of the lens 10 would 
typically require an incision of at least the diameter of the lens body, whereas by 
rolling the lens body, the lens can be inserted through a considerably smaller 
incision of, for example, approximately one-half the diameter of the lens body, or 
smaller. Because the thickness of the peripheral zone 42 is minimized between the 
first and second flared portions 30a, 30b, the overall mass of the lens body 12 
according to the present invention is reduced relative to previously known rollable 
lenses. Also, the overall thickness of the lens body 12 that is necessary to provide 
the surface curvature required to produce a specified optical characteristic is 
reduced relative to previously known rollable lenses. As a result, the flexibility of the 
lens body 12 is increased, and the lens of the present invention can be rolled more 
tightly and compactly than previously known rollable lenses. The lens body 12 is 
preferably rolled or folded along a haptic-to-haptic axis extending between first and 
second flared portions 30a, 30b. By folding the lens body 12 in this manner, the 
thinner (and most flexible) edge portions of the lens body are subject to the greatest 
degree of flexure, thereby further minimizing the insertion profile of the lens, whereas 
the thicker (and least flexible) portions of the lens lying along the haptic-to-haptic 
axis are subject to the least degree of flexure. 

The present invention further comprises a method of forming an intraocular 
lens 10. A flexible lens body is preferably provided, for example, by molding the lens 
body of a flexible material. Most preferably, the flexible material is a shape memory 
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material such as modified poly(methyl methacrylate). A central optic zone is formed 
in the flexible lens body, the central optic zone preferably comprising at least one 
convex face having a predetermined degree of curvature to define a central 
thickness between the at least one convex face and an opposed second face. A 
peripheral zone is also formed in the flexible lens body surrounding the central optic 
zone, the peripheral zone comprising an edge thickness less than the central 
thickness. The peripheral zone preferably further comprises at least one flared 
portion having a thickness greater than the edge thickness. In a further preferred 
embodiment, the fabrication method of the present invention further comprises 
attaching a haptic element to the at least one flared portion of the lens body. In a 
still further preferred embodiment, the flexible lens body comprises a shape memory 
material, and the intraocular lens is rolled into a compact configuration and 
temporarily fixed in the compact configuration for implantation. 

The method of forming a lens according to the present invention preferably 
comprises a molding operation and/or a lathe cutting operation. For example, at 
least one of the steps of: (1 ) forming a central optic zone in the flexible lens body; 
and (2) forming a peripheral zone in the flexible lens body can comprise turning and 
cutting the lens body on a lathe, and polishing the lens as needed. Alternatively or 
additionally, at least one of the steps of: (1) providing a flexible lens body having a 
predetermined maximum overall thickness; (2) forming a central optic zone in the 
flexible lens body; and (3) forming a peripheral zone in the flexible lens body, can 
comprise molding a shaped lens body, as for example, in a double-sided mold, and 
curing the lens. In an example embodiment, the lens body is formed using a non- 
axisymmetric lathe cutting operation. For example, a lathe having a rapidly 
positionable, oscillating cutting tool, as described in detail by United States Patent 
Application Serial No. 09/060,431 , which is hereby incorporated herein by reference, 
can be utilized to shape the lens body from a lens blank. A flexible lens blank is 
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preferably formed of a specified lens material, such as modified shape-memory 
PMMA, as by molding. The lens blank is mounted to the spindle of the lathe and 
turned. The blank is cut using the oscillating cutting tool to form a lens body having 
at least one optical face and at least one flared portion along the peripheral edge of 
the lens body. The haptic bores are preferably formed into the lens body by 
molding or drilling, and the haptics are inserted and attached therein by welding, 
adhesive or other attachment means. In alternate embodiments, the intraocular lens 
of the present invention is formed by milling, cutting, or by other machining or 
fabrication methods. 

Because the present invention eliminates the need for a minimum edge 
thickness that is sufficient to secure a haptic therein, the lens designer can adjust the 
edge thickness of a lens to suit the desired optical characteristic of the lens, thereby 
providing an additional degree of freedom in designing a lens. For example, a lens 
body having a predetermined or standard maximum overall thickness can be 
provided, and the required degree of curvature for a specified optical characteristic 
can be generated without regard for the resulting minimum edge thickness. 
Likewise, a minimum edge thickness (which can be less than, equal to, or greater 
than the haptic diameter) can be specified, and the maximum overall thickness of the 
lens determined by the required degree of curvature for a specified optical 
characteristic. 

The present invention also comprises a method of implanting an intraocular 
lens, substantially as described above, in an eye. The method preferably includes 
providing an intraocular lens comprising a flexible lens body having a peripheral 
edge and at least one flared portion along the peripheral edge, and further 
comprising at least one haptic element attached to the flexible lens body at the flared 
portion. The lens is preferably formed according to the method described above. 
The implantation method preferably further comprises forming an incision in an eye 
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according to standard surgical techniques. The flexible lens body is rolled to reduce 
its insertion profile, and the rolled lens is inserted into the eye through the incision. 
The lens is preferably positioned in the anterior or posterior chamber of the eye, 
unrolled, and the incision is closed. 

While the invention has been described in its preferred forms, it will be readily 
apparent to those of ordinary skill in the art that many additions, modifications and 
deletions can be made thereto without departing from the spirit and scope of the 
invention. 
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